Introduction
The incidence of thyroid cancer in Korea is rapidly increasing. The age-standardized incidence rate of thyroid cancer in 2012 was 62.5 per 100,000 persons (23.0 per 100,000 men and 102.4 per 100,000 women), and was the most common cancer (sixth most common cancer in men and the most common cancer in women) among Koreans [1] . The average annual percentage change in thyroid cancer incidence for 1999-2012 was 22 .3% (23.6% in men and 22.1% in women), the most rapid among all cancers in Korea [1] . Nevertheless, despite an increase in incidence, mortality rates have remained nearly constant over the past three decades [2] . Increases in thyroid cancer incidence have been reported not only in Korea but also in many other parts of the world. The rate of thyroid cancer diagnosis has more than doubled from 4.9 per 100,000 persons in 1975 to 10.6 per 100,000 persons in 2005; meanwhile, thyroid cancer mortality rates in the United States have remained among the most stable [3] . Although the reasons for the rapid rise in thyroid cancer diagnosis have yet to be determined, several groups have argued that the apparent increases in thyroid cancer do not represent a true increase in disease, but rather the results of a large reservoir of undiagnosed thyroid cancers combined with overdiagnosis of small tumors that will never become clinically significant [4, 5] .
In Korea, the National Cancer Screening Program (NCSP), which was implemented in 1999, provides nationwide screening services free-of-charge or with a small copayment for gastric, liver, colorectal, breast, and cervical cancers. Although thyroid cancer screening is not covered under the NCSP, healthcare providers typically offer ultrasonographic screening for thyroid cancer as an inexpensive add-on at around 30 to 50 USD [4] . Nevertheless, the offering of thyroid cancer screening with ultrasonography as part of routine health checkups is controversial due to the lack of consensus among experts and intrinsic difficulties in accurately estimating rates of overdiagnosis [6] . Generating morbidity that adds to the societal burden of cancer, in terms of medical, psychological, and economic expense, overdiagnosis and overtreatment of inconsequential disease are the most serious harms associated with early detection of cancer through unwarranted screening [3] . An overdiagnosed person is unlikely to benefit from and may be harmed physically and emotionally by diagnostic procedures and treatments.
Despite the harms of overdiagnosis, only a few studies have been conducted to assess the public's understanding of overdiagnosis and how information on overdiagnosis might affect one's decision to undergo screening. For breast cancer, information on screening typically emphasizes the benefits thereof without mentioning overdiagnosis [7] [8] [9] [10] [11] [12] . Recent qualitative studies have found that information on overdiagnosis in breast cancer screening can be difficult for screening-eligible women to understand; in addition, it was often found by women to be surprising and counterintuitive [13, 14] . Nevertheless, once women are informed of the harms, their intentions or actual uptake of breast cancer screening reportedly decrease [15, 16] . Thus, informing individuals on the harms of cancer screening has become critically important and necessary [6, 7, 11, 13, 14, 17, 18] . Indeed, the United Kingdom has since released breast cancer leaflets describing overdiagnosis as "the main risk of screening" [19] .
Optimal strategies for communicating information on overdiagnosis in thyroid cancer screening might be more important than breast cancer screening, because it is yet unclear whether increased screening for early detection of thyroid cancer reduces mortality and evidence on the benefits of thyroid cancer screening is limited. Notwithstanding, among women who had previously undergone cancer screening, many had no knowledge regarding overdiagnosis and had little knowledge regarding the harms of overdiagnosis [6, 13] . Thus, the aim of this study was to assess changes in screening intention after learning about overdiagnosis among women who had prior experiences with cancer screening and to determine factors with the greatest influence thereon. Intention to undergo thyroid cancer screening was assessed before and after subjects had received information.
Materials and Methods

Study population
Data were acquired from subjects included in the 2013 Korean National Cancer Screening Survey (KNCSS), an annual cross-sectional survey conducted to examine screening rates among Koreans for five common cancers (gastric, liver, colorectal, breast, and cervix) through nationally representative random sampling. Men ages 40 to 74 years and women ages 30 to 74 years were selected based on Resident of Registration Population data for July 2013 compiled by Statistics Korea, using multistage random sampling according to sex, age, geographic area, and size of the population per area. Interviewers from a professional research agency went door-to-door to recruit residents, and at least three attempts were made to contact individual residents between September 26 and October 18, 2013. The 2013 KNCSS included 4,100 participants (response rate, 69.3%).
From the 4,100 participants in the 2013 KNCSS, 1,816 women who had previously undergone cancer screening within the past 2 years were selected. An additional faceto-face interview was conducted to examine how women integrated information on overdiagnosis with their existing understanding of thyroid cancer screening and how they might use such information when deciding on screening in the future. Finally, 586 women who completed the KNCSS interview and the additional face-to-face interview were included in this study (32.3%). Descriptive data for the 586 women included in the study and 1,230 women who were not showed no difference in age, education level, monthly household income, and type of health insurance. The study was approved by the Institutional Review Board of National Cancer Center, Korea, and written informed consent was obtained from all study participants.
Measures
The main outcome measure was change in intention to undergo future thyroid screening, which was assessed before and after subjects had received information on overdiagnosis. Before discussing information on overdiagnosis, we briefly described thyroid cancer screening as "Ultrasonographic tests can be used to detect thyroid cancer at early stages in asymptomatic women, the cost of which is around 30 to 50 USD," and assessed the participants' intentions to undergo thyroid cancer screening via a face-to-face interview and in writing in the form of a questionnaire. Thereafter, we gave a brief explanation of overdiagnosis, including a statement on the harms of thyroid cancer screening: "Early stage thyroid cancers detected through screening are usually tiny papillary thyroid tumors, which are very slow-growing, highly unlikely to go on to cause symptoms, much less death. However, thyroid cancer screening could lead to unnecessary thyroidectomy upon diagnosis of thyroid cancer that may not go on to cause symptoms or death in your lifetime." Participants were then asked to respond to this statement to elucidate changes in their intentions to undergo future thyroid cancer screening. To avoid misunderstanding of overdiagnosis among the interviewees, each word in the explanation was chosen carefully by experts in light of previous research. No estimated numbers, such as overdiagnosis rates, were used, since these have not yet been definitively agreed upon. Possible responses included, "I will definitely undergo screening"; "I will probably undergo screening"; "I will probably not undergo screening"; and "I definitely will not undergo screening." The first two answers were considered as positive intentions to undergo screening, while the last two answers were considered as reflecting negative intentions. Changes in intention were coded as a "decrease" or "no decrease."
Characteristics of the study population, including age, household income, insurance coverage, education level, marital status, private cancer insurance, prior awareness of overdiagnosis, thyroid screening history, beliefs on cancer screening efficacy, and family history of cancer (first-degree relatives with any cancer) were also assessed. Insurance coverage was categorized as either National Health Insurance (NHI) or Medical Aid Program (MAP) coverage. Prior awareness of overdiagnosis was measured with the question, "Have you ever heard about the possibility for adverse effects related to overdiagnosis from cancer screening?" and answers of "yes" or "no." Thyroid screening history was restricted to ultrasonography for cancer screening purposes. To measure beliefs on the efficacy of cancer screening, participants were asked to respond to the question, "How effective do you believe cancer screening is in early cancer detection?" on a five-point Likert scale, with one being not effective at all and five being extremely effective. Family history of cancer was limited to that in only blood relatives, including half-siblings.
Statistical analysis
Univariate and multivariate logistic regression analyses were performed after adjusting for other variables to determine characteristics associated with thyroid cancer screening intention and change therein after receiving information on overdiagnosis. Analyses were performed using STATA ver. 13 (StataCorp. L.P., College Station, TX), and p < 0.05 was considered statistically significant.
Results
The baseline characteristics of the study sample (n=586) are shown in Table 1 . The current survey was conducted in women ages 30-to 74-year-old who were invited by the NCSP to undergo cancer screening. Of the 586 respondents, 96% were NHI beneficiaries, 91% were married, 86% were educated to a high-school level or above, and 84% had private cancer insurance. At baseline, approximately 72% of subjects had no knowledge regarding overdiagnosis due to cancer screening, and 11% of subjects had undergone thyroid cancer screening within the past 2 years. Approximately 84% of subjects thought that cancer screening is effective for early cancer detection, and 27% had a family history of cancer.
Prior to learning about overdiagnosis, 509 subjects (86.9%) reported positive intentions (definitely or probably) for undergoing thyroid cancer screening. Simple and multivariate logistic regression analysis was performed to examine predictors of screening intentions before receiving information on overdiagnosis (Table 2) . At baseline, subjects with private cancer insurance were more likely to have higher intentions to undergo thyroid cancer screening than those who did not (adjusted odds ratio [aOR], 2.00; 95% confidence interval [CI], 1.10 to 3.62); none of the other variables were statistically significant.
After receiving information about overdiagnosis, 434 subjects (74.1%) reported positive intentions (definitely or probably) to undergo thyroid cancer screening (Fig. 1) ; 428 subjects did not change their positive intentions and six subjects changed their intentions from negative to positive. Among 586 respondents, 505 respondents (86%) reported "no decrease" in their intentions: 428 respondents did not change their positive intentions, 71 respondents did not change their negative intentions, and six respondents changed their intentions from negative to positive. Only 13.8% of respondents who showed positive intentions changed their intentions to negative after receiving information about overdiagnosis; this decrease in the percent of women with positive intentions to undergo thyroid cancer screening was statistically significant (p < 0.001). Screening intentions and changes in intentions did not differ by age group (Fig. 1) .
Finally, logistic regression analysis was performed to determine predictors of decreases in screening intention among the 81 women in the "decrease" group and the 505 women in the "no decrease" group (Table 3) . A decrease in intention to undergo screening was more likely in women who graduated high school (aOR, 2.82; 95% CI, 1.09 to 7.35) and MAP recipients (aOR, 4.29; 95% CI, 1.58 to 11.63). Women with stronger beliefs on the efficacy of cancer screening were less likely to change their intentions (aOR, 0.37; 95% CI, 0.21 to 0.65). Interestingly, prior awareness of overdiagnosis and previous history of thyroid cancer screening was not significantly associated with change in intention.
Discussion
Among study participants, prior awareness of overdiagnosis in thyroid cancer screening was 27.8%, even though all subjects had undergone at least one cancer screening within the past 2 years. Prior to receiving information on overdiagnosis, 87% of the subjects intended to undergo thyroid cancer screening, and even after receiving information about overdiagnosis, the majority of women still intended to undergo thyroid cancer screening (74%). This finding suggests that women would be willing to undergo screening for thyroid cancer regardless of the risk of overdiagnosis. Only a small number of subjects changed their intentions to undergo thyroid cancer screening from positive to negative after receiving information on overdiagnosis (14%). Although only 14% of subjects lowered their intentions to undergo thyroid cancer screening after learning about overdiagnosis, the percentage of women with negative intentions (probably not or definitely not) thereafter was almost double that at baseline (26% vs. 13%). These results suggest that information on overdiagnosis would have an impact on women in the general public, whereas those in the nationwide cancer screening program may have already formed stable beliefs and intentions. This is consistent with previous studies reporting that women who were provided with decision aids were more knowledgeable about screening and demonstrated decreased intentions to undergo screening or were less likely to undergo mammography [15, 16] .
In the current study, most of the sociodemographic characteristics, including age and income level, were not associated with screening intention, regardless of receiving information on overdiagnosis. However, women who graduated from at least high school were more likely to decrease their intentions to undergo screening. This suggests that the concept of overdiagnosis in itself may have been difficult for the less educated women to understand and that the brief explanation provided to participants in this study may not have been adequate for them to make an informed choice. This result suggests the need for better ways to communicate the importance and risks of overdiagnosis. A recent study reported that expressing information as a ratio of lives saved to overdiagnosis (1:3) was associated with a greater decrease in intentions to undergo screening than other information formats [6] . In addition, an Australian study also reported that women sometimes confused "overdiagnosis" with "overtreatment," and they were more likely to use "overtreatment" than "overdiagnosis" [13] . In a similar context, one study proposed that some pre-malignant conditions should not be labeled as cancers or neoplasia [17] . Thus, further research is needed to determine methods that would be most helpful to lay individuals in conceptualizing overdiagnosis in Korean women.
In addition, we found that MAP recipients were 4.3 times more likely to lower their intentions to undergo screening after receiving information on overdiagnosis. This might be explained by hesitation to spend money on screening that could ultimately prove unnecessary. In other words, NHI beneficiaries may not have much concern about negative aspects of screening including health care cost due to unnecessary cancer diagnosis and subsequent procedures. This result suggests that an individual's values and priorities may affect their decision, particularly when the benefits of an intervention do not apparently outweigh the harms or when evidence supporting an intervention is not clear with scien- Probably not and definitely not.
tific certainty [20] . Obviously, accurate information on the benefits and harms of any procedure is important to making an informed decision. However, sometimes, one's beliefs and values regarding their health could be a stronger decisive factor than factual knowledge in informed decision making for cancer screening [21] .
In the current study, women who strongly believed that cancer screening is effective in facilitating early detection were less likely to change their intentions to under screening for thyroid cancer. In a recent study on breast cancer screening, women eligible for breast cancer screening via a nationwide screening program reported less of a decrease in their intentions to undergo continued screening after receiving information on overdiagnosis, compared to women not eligible for screening due to younger age [6] . According to another study conducted in Korea, women with strong beliefs on the efficacy of cancer screening underwent thyroid cancer screening 1.55 times more than those who did not [22] . These results were explained by the possibility that eligible women in the screening program might have held strong, stable beliefs on the efficacy of the cancer screening program. Many women seem to believe that screening is extremely important for early detection and treatment of cancer, regardless of its likelihood of becoming malignant. In general, women's attitudes toward cancer screening are shaped through the information presented to them directly by screening service providers, as well as their broader experiences with public health campaigns that promote the benefits of screening without explaining the harms of overdiagnosis.
Thus, one would expect that new information confounding this message (i.e., information about overdiagnosis) would not be immediately accepted and understood, as seen in our study.
There are several limitations to the current study. Subjects were provided only a short amount of time to process the information provided, thus our findings demonstrate only the immediate impact of exposure to information on overdiagnosis [6] . As well, the little amount of information that was written on the questionnaire form and verbally explained by a professional interviewer may not have been adequate to facilitate making an informed choice, and therefore, may have had an impact on our findings. According to previous studies on both written and verbal information, probabilistic information presented as numbers rather than words may provide a more accurate understanding of risk [18, 23] . In a breast cancer study, numeric information with small numbers appeared to facilitate better understanding [6] . Nevertheless, there is no research on overdiagnosis in thyroid cancer, and no agreement has been reached on estimates of overdiagnosis in thyroid cancer. Thus, we could not provide subjects with probabilistic information presented as numbers, concerning overdiagnosis in thyroid cancer. In addition, we only planned to assess screening intentions rather than actual screening uptake. Future research is needed to assess how information on overdiagnosis works on actual screening uptake. Finally, this study only included women who had previous experiences with cancer screening within the past 2 years, and only 32.3% of women (586/1,816) Fig. 1 . Positive intention to undergo thyroid cancer screening before and after receiving information on overdiagnosis, stratified by age.
who completed the KNCSS interview and the additional face-to-face interview were included in this study. Although there were no significant differences in sociodemographic characteristics between women included in the study and those who were not, there remains the possibility of selection bias. That is, women with lower intention to undergo thyroid cancer screening might have been less likely to participate in this study. Thus, future studies are needed to investigate thyroid cancer screening intention and awareness of overdiagnosis within the entire general population.
Conclusion
Early detection of cancer is proven to save lives; however, in some instances it can be harmful, such as those related to overdiagnosis. While women in Korea appeared to be less concerned about overdiagnosis, information on overdiagnosis in thyroid cancer screening in Korea should be provided to individuals so that they can make an informed choice. Herein, the briefest of information resulted in small reductions in intentions to undergo screening for thyroid cancer. Change from "probably yes" or "definitely yes" to "probably not" or "definitely not."
